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Preface

his Analysis of Alternatives (AocA) Handbook is produced by the

Office of Aerospace Studies, Air Force Materiel Command, the des-
ignated Air Force Center of Expertise for AoAs. It embodies our current
guidance for planning and executing Air Force and Air Force-led AoAs
within the Department of Defense (DoD) acquisition process.

We revise this handbook to reflect any major evolution in the con-
stantly changing acquisition process. We’'d also like to hear what you
think about theAoA Handbook, especially if you have suggestions for
improvements in organization, accuracy, and content.

A current copy of this document is always available at our web site,

www.oas.kirtland.af.mil.
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1 Introduction

he Department of Defense (DoD)

acquisition cycle is a structured,
rational process designed to identify the
best system to meet validated needs.

There are four milestones in the ac-
quisition process. With each milestone
is a decision point where the acquisition
can be continued, revised, or cancelled.
Each milestone may initiate an analysis
of aternatives (A0A).

AOAs are an important element of
the defense acquisition process. In the
Air Force, the AoOA has taken on an in-
creasingly important role in determining
whether or not a system should be pro-
cured. Air Force AoAs must not only
make a case for having identified the
most cost-effective alternative, they
must also make a compelling statement
about the military utility of acquiring it.

In short, the AoA has become a vehicle
used by senior Air Force leadership to
debate and assess a program’s desirabil-
ity and affordability.

An AOA is an analytical comparison
of the operational effectiveness and cost
of proposed materiel solutions to short-
falls in operational capability (these
shortfalls are also known as mission
needs). AO0As document the rationale
for identifying a preferred solution or
solutions to the shortfalls. Deficiencies,
advances in technology, or the obsoles-
cence of existing systems can trigger an
AoOA. This handbook deals with Air
Force-specific AoAs and Joint AoAs
where the Air Force is designated as the
lead service.

AoAs are required as part of the ac-
quisition process for some acquisition
programs. For other programs, AoAs
may be directed because they are Joint,
command special interest, or have high
visibility.

AoAs are designated as AoA |, II,
[ll, or IV depending on where in the ac-
quisition cycle they occur. An Ao0OA |,
the most common, is conducted before
an acquisition program is established.
An Ao0A | typically explores numerous
conceptual solutions with the goal of
identifying one or more promising op-
tions. An AoA Il occurs after a program
Is established and provides a more de-
tailed definition and comparison of re-
maining options. An Ao0A IIl and AoA
IV occur still later (if at all) to investi-
gate the impact of new threats or techno-
logical advances to the ongoing pro-
gram.

This handbook focuses on the AoA I.

Why AoAs?

Ao0As help justify the need for start-
ing, stopping, or continuing an acquisi-
tion program. They are done because
decision-makers need reliable, objective
assessments of the options for meeting
mission needs. AO0As identify poten-
tially viable solutions and provide com-
parative cost-effectiveness assessments
of each solution to a baseline; this base-
line is typically the current systems and
their funded improvements.

AoAs are a big factor in selecting a
final solution, but they aren’t the only
factor. The final decision must consider
not only cost-effectiveness and military
worth, but also domestic policy, foreign
policy, technological maturity of the so-
lution, the environment, the budget, and
a host of additional factors. Ao0As also
provide a foundation for developing op-
erational requirements, concepts of op-
erational employment, a test and evalua-
tion plan for the preferred alternative(s),
and much additional information of in-



terest to a program office when one is
formed.

Who Looks at AoAs

AO0As influence the investment of
large sums of defense funds. Asaresult,
they receive multi-layered direction and
oversight from start to finish. This di-
rection and oversight is a necessary to
achieve a credible AoA and subsequent
buy-in of the results. AOA results are
usually briefed at high levels in the Air
Force and the DoD.

The AoA Study Team

A study director leads the study team
performing the AoA. The director is ap-
pointed from the Air Force Command
(operational user) designated as the lead
for that AoA. The study director forms
the study team—as appropriate—from
members of the Command, other Air
Force commands, the Army and Navy,
civiian government agencies, and
contractors. The study team is organized
along functional lines to consider identi-
fication of alternatives, threats and sce-
narios, effectiveness, and cost.

The Air Force Materiel Command
(AFMC) Office of Aerospace Studies
(OAS) helps by supplying an assistant to
the study director who offers help in
planning, administering, executing, and
facilitating the AoA and its reviews.
OAS is the designated Air Force AoA
Center of Expertise (COE).

Comparing Alternatives

An AOA compares alternatives by
estimating their ability to satisfy the
identified mission needs through an ef-
fectiveness analysis and by estimating
their life cycle costs (LCC) through a
cost analysis. The results of these two
analyses are used together to produce a
cost-effectiveness comparison that al-

lows decision-makers to assess cost and
effectiveness simultaneously.

The effectiveness analysis is built on
a hierarchy of

* Broad mission tasks (MTs) derived from the
mission needs (e.g., kill tanks)

* Mesasures of effectiveness (MOES) indicating
how well the mission tasks are performed
(e.g., weapons expended for each tank killed)

» Measures of performance (MOPs) describing
fundamental capabilities (e.g., weapon deliv-
ery error)

The life cycle cost analysis estimates
how much each alternative will cost to
develop, produce, and operate during its
lifetime.

Both effectiveness and cost analyses
can be lengthy and require a significant
investment of resources.

Modeling and Simulation

In the course of performing the
effectiveness analysis to evaluate the
MOEs, it may be necessary to model
each alternative, friendly and hostile
forces, the environment, etc. in computer
models and simulations (M&S). The
planning and execution of this M&S can
be difficult, costly, and time-consuming.
In most AoAs, this effectiveness model-
ing is the dominant activity—so much so
that the cost and duration of the AoA are
largely driven by the complexity and
magnitude of the effectiveness analysis.
The second most demanding activity in
the AOA is usually the cost analysis.
Experienced leaders in both of these ar-
eas are essential.

AO0A Products
Most Ao0As produce four
products:

major

e A study plan which defines the background,
goals, methodology, tools, schedule, etc. of the
AOA



« A midterm progress briefing to summarize
early work and future plans

A final briefing to summarize the final results
of the AocA

* A final report to document the AoA in detail

The study plan is important because
it defines what will be accomplished and
how it will be accomplished. The plan
should be updated throughout the AoA
as changes in threat, computer models,
methodology, etc. occur. The midterm
briefing is designed to permit redirection

of the AoA by senior reviewers if neces-
sary. The fina briefing will carry the
most impact, and hence will generate the
most interest. The final report is the re-
pository for AoA information and will
require significant effort to produce.
Frequently, the study plan or final report
will be accompanied by supporting
documents providing detailed descrip-
tions of the alternatives, threats, cost
documentation, intermediate analysis
results, and so forth.
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2 Overview of the Acquisition Process

cquisition programs and AOAsS
have roots in the Air Force
Mission Area Planning (MAP) process.
The recurring MAP process is conducted
by Air Force Magor Commands
(MAJCOMs) and consists of three steps:

» Mission Area Assessment (MAA) to convert
national strategies to Air Force tasks (strate-
gies-to-task)

* Mission Need Anadysis (MNA) to identify
deficiencies of the current force to perform the
identified tasks (tasks-to-needs)

* Mission Solution Analysis (MSA) to identify
possible remedies for the deficiencies (needs-
to-solutions)

A MAJCOM's first choice to resolve
a deficiency is to identify a non-materiel
solution due to the relative low cost.
Such solutions could be a change in or-
ganization, doctrine, tactics, or addi-
tional/modified training.

Once the MAJCOM determines that
a materiel solution is required (some-
thing must be bought) it gener
ates a Mission Need Stateme
(MNS). The MNS documents
the deficiencies in terms of op
erational capabilities. A MNS
iIs called validated when the
appropriate higher decision at

The Acquisition Cycle

The Acquisition Cycle consists of
four milestones (decision points) and
four corresponding phases that span the
life cycle of a weapon system. These
milestones and phases are shown in Fig-
ure 2-2.

Acquisition Phases

A milestone (MS) precedes each
phase and represents the point in the cy-
cle at which the designated Milestone
Decision Authority (MDA) considers the
future of the program: concept develop-
ment at MS 0, program initiation at MS
I, and program advancement (or cancel-
lation) at later milestones.

The Acquisition Program Baseline
(APB), Operational  Requirements
Document (ORD), and Test and Evalua-
tion Master Plan (TEMP)—all discussed
later in this chapter—are updated and
approved at each milestone, and goals

Non-
Materiel
Solution?

User
Reorganization/
Restructuring

thority approves it.
A validated MNS may or

Draft —
MNS Solution

Materiel

may not lead to a Milestone |
decision (a decision to begil
the acquisition cycle) depend
ing on service, DoD or nationa
priorities. A Milestone 0 deci-
sion will lead to Phase 0 of th
cycle and an AoA .

MNS
Validated by
JROC?

MDA
Milestone 0 ADM/PMD
Approval

Figure 2-1 shows the proc
ess from MAA to AoA .

Notify
User

Figure 2-1 : Path from Recognition of Mission Need

to AoA |
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Figure 2-2 : The Acquisition Cycle

(exit criteria) are established that the
program must meet in order to reach the
next milestone.

Thus, before Milestone 11 can occur,
the performance in Phase | must satisfy
the exit criteria developed a MS |I.
Milestone decisions are documented in
an Acquisition Decisson Memorandum
(ADM).

Phase 0: Concept Exploration

During Concept Exploration, the
lead agency conducts effectiveness stud-
ies of alternative concepts and develops
preliminary life cycle cost (LCC) esti-
mates for each alternative. These studies
consider factors such as alternate design
concepts, system producibility, Initial
Operating Capability (I0C), and logis-
tics support. The acquisition strategy
and concept baselines are developed in
Phase 0 to support the MS | decision.
This phase is generally short (one to two
years) and costs relatively little.

Phase I: Program Definition & Risk
Reduction (PDRR)

The objective of PDRR is to analyze
different technology configurations for
the preferred alternative(s) identified in
Phase 0 and to reduce technical risk.

Typica activities include prototype de-
velopment, developmenta test and
evauation (DT&E), technica reviews,
and identification of potential environ-
mental consequences. The acquisition
strategy and development baseline are
refined in Phase | to support the MS Il
decision process. Phase | typically lasts
two to three years, but it can stretch to as
many as five years for high-cost, high-
risk programs that involve prototype de-
velopment (e.g., F-22).

Phase II: Engineering and
Manufacturing Development (EMD)
EMD is focused on maturing the sys-
tem design into a producible, cost-
effective system. Testing receives heavy
emphasis. DT&E is conducted to ensure
specifications are met, and Operational
Test and Evauation (OT&E) is con-
ducted to ensure the system is operation-
ally effective and suitable. During Phase
[1, the acquisition strategy is further re-
fined, the production baseline is defined,
and the support plan is completed. This
phase usually lasts between four and
seven years and is often very costly.



Phase IlI: Production,
Fielding/Deployment, & Operational
Support (PF/DOS)

The system is produced and deliv-
ered (along with the supporting infra-
structure) to the end user during Phase
[1l. The objective of PF/DOS is to es-
tablish a safe, efficient production and
support base; achieve an operational ca-
pability that satisfies the mission; and
ensure the system continues to provide
capabilities required to meet the mission

need. Typical activitiesinclude monitor-
ing system performance and readiness,
identifying and correcting system defi-
ciencies to improve performance and
supportability, conducting follow-on
OT&E, monitoring environmental im-
pact, and preparation for disposal. Sup-
port continues throughout the system life
cycle.

Major Modification Approval
During Phase 111, the MDA may de-

Table 2-1 : Acquisition Categories

Inclusion
ACAT Remarks Criteria’
Designated by
Major Defense USD(A&T) or
ID Acquisition Pro- RDT&E >$355M or
gram (MDAP) Procurement
>$2.135B
Designated by
Major Defense USD(A&T) or
IC Acquisition Pro- RDT&E >$355M or
gram (MDAP) Procurement
>$2.135B
Designated by
Major Automated A)\Zgr(’(s::f)?ogrr:rgy
IAM Information System - o4 ~30M or To-
AEOIISIE 0§ o Program cost
gram (MAISAP) " S¢150M or Life
cycle cost >$360M
Designated by
Major Automated ASD(,C3I) orany
Information System year s program
IAC cost >$30M or To-

Acquisition Pro-
gram (MAISAP)

Major Program not
meeting criteria for

tal Program cost
>$120M or Life
cycle cost >$360M

Designated by
DOD Component
Head or $140M

ACAT | RDT&E or $645M
Procurement
Program not meet-
Il ing criteria for Not ACAT l or Il

ACAT lorll

*Amounts in constant FY1996 dollars

Review Level

Defense Acquisi-
tion Board (DAB)

Service HQ

Service HQ

MDA

USD(A&T)
(DAE)

Service Acquisition
Executive (SAE)

OSD Chief Infor-
mation Officer
(ClO)

DoD Component
Chief Information
Officer (CIO)

Service Acquisition
Executive (SAE)

Lowest Appropriate Lowest Appropriate

Level

Level



termine if major modifications are war-
ranted to a system still in production.
Unmet thresholds, new technology, a
reevaluated threat, or a late-developing
requirement may prompt these changes.
Approval may return a program to an
earlier phase of the acquisition cycle,
depending on the technical complexities
of the modification being considered.

Acquisition Categories
(ACAT)

Weapons system programs and Com-
mand, Control, Communications, and
Intelligence (C3I) system programs are
placed in ACATs based on the dollar
value and level of decision authority.
These categories were established to fa
cilitate decentralized decision making,
yet dtill comply with Congressional
mandates for appropriate oversight. The
categories, the criteria that establish
them, and their oversight levels are
shownin Table 2-1.

ACAT I

ACAT ID and ACAT
IC programs are known as
Major Defense Acquisi-
tion Programs (MDAP).
ACAT ID and IC pro-

sition and Technology [USD(A&T)],
aso caled the Defense Acquisition
Executive (DAE).

ACAT IC programs are approved at
the service level. This approval comes
from either the service secretary or,
more usually for the Air Force, by the
Assistant Secretary for Acquisition
(SAF/AQ), who is the Air Force Service
Acquisition Executive (SAE).

The SAE and DAE can elevate the
ACAT level of any program to reflect its
visibility and/or importance. Thus, a
program that does not meet the dollar
thresholds, but has high congressional
interest, may be established as an ACAT
ID or IC program by the decision author-
ity.

ACAT IA (IAM and IAC) programs
are caled Maor Automated Information
System Acquisition Programs
(MAISAP). They must meet the dollar
thresholds given in Table 2-1. The
MDA for IAM programs is the Office of
the Secretary of Defense (OSD) Chief

Pre-Milestone 0 Mission Area
Planning (MAP) Activities

Mission Area

(MAA)

grams must meet one of
two cost thresholds: at

Current Capability

Mission Needs

— Analaysis €—— Threat

|
|
|
|
] Assessment
|
|
|
|
|
|

| |
least $355 million in Re- i (WINA) |
search, Devel opment, Technolo | | Mission Solution | |
: gy :
Test, and Evauation Opportunities > A(“l\;l""syj)'s |
(RDT&E); or $2.135 bil- | |
lion in procurement (both A —"——7\[———/\'“ J40
in constant FY 96 dollars). I -
. g,
The level of decision au- Mission Need [ Do_ctrine,
thority further differenti- l Tactics, etc.
ates these programs. Materiel Solution
ACAT ID programs Milestone 0
Concept
are approved at the DoD Exploration

level by the Undersecre-
tary of Defense for Acqui-

Figure 2-3 : Pre-Milestone 0 Activities



Information Officer (C1O). The MDA
for IAC programs is the DoD Compo-
nent Chief Information Officer (ClO).

ACAT I

ACAT Il programsfall below ACAT
| dollar thresholds, but require at least
$140 million in RDT&E or $645 million
in procurement funds (both in constant
FY 96 dollars). The decision authority is
at the DoD Component Acquisition Ex-
ecutive (CAE) levd (in the case of the
Air Force, the AF SAE).

ACAT 1l

ACAT Il programs fal below
ACAT Il dollar thresholds and are ap-
proved at the lowest appropriate level.
This could be at the component level or
at the component’s Program Executive
Office (PEO). Within the Air Force, that
authority usually resides within AFMC.

AOA Activities

Pre-Milestone 0 Activities

The Pre-MS 0 activiies—MAA,
MNA and MSA—precede the AoA and
are the foundation for the AoA I. These
activities form the mission area planning
(MAP) process and are the responsibility
of the operating command. The Ao0A |
should exploit MAP results, including
identification of needs, possible alterna-
tive solutions, and supporting analyses.

The Pre-MS 0 identification of needs
is illustrated in Figure 2-3. The needs
may come from a variety of sources
within or outside the operating com-
mand. Deficiencies that can be satisfied
by non-materiel changes in doctrine, tac-
tics, training, or organization are sent to
the military department for consideration
and action. Deficiencies that could re-
sult in the establishment of a new acqui-
sition program (materiel solutions) are
documented along with the concept of
operations and the threat in a MNS. The

Milestone 0 — Approval to Conduct
Concept Studies
+ AoA Elements
Develop AoA
Organization & [« > BNE it
Study Plan Mission Need ~ Constraints
Alternatives ~ Environment
+ Threat ~ OPS Concept ~ Scenarios
Broad, Multi-
Level Study
Plan Review Models/Data
[ ronmaysis |« > '
ENEEG, > Preferred
A EAHEE Alternative(s)
Results Review

v

Milestone | — Approval to Begin
New Acquisition Program

Figure 2-4 : Phase 0 AoA Activities



process may then proceed to a MS 0 de-
cision.

Phase 0 Activities

The AoA | (thereisno AoA 0) isthe
focus of Phase 0. The AoA | isdesigned
to examine a broad spectrum of potential
aternatives to the mission need de-
scribed in the MNS. The AoA | may be
service-specific or joint. Air Force-
specific AoAs are usualy lead by a
MAJCOM specified in the ADM. Joint
AOAs are led by an ADM-designated
lead service.

The AoA | identifies one or more
promising alternatives to the MDA for
further development, based on cost and
effectiveness. A genera representation
of AOA | activities is illustrated in Fig-
ure 2-4. The left side of the figure de-
picts the general AOA process of prepar-
ing a plan, performing the analysis, and
reviewing the results. The right side de-
picts elements that are essential to AoA
development.  Double-headed arrows
represent interdependencies among the
elements in the diagram. The anayses
that are conducted during this phase
support the MS | decision and are de-
tailed in an AOA | report.

Each of the AoA activities and ele-
ments illustrated in Figure 2-4 will be
discussed in more detail later in this
handbook.

The Phase 0 analysis provides the
foundation for developing the Opera
tional Requirements Document (ORD),
Test and Evauation Master Plan
(TEMP), System Threat Assessment Re-
port (STAR), acquisition strategy, and
program plans (discussed later in this
chapter).

An AoA 1, like al AoAs, may be tai-
lored to address MDA concerns. Tailor-
ing can take many forms, including ex-
panding or contracting the scope or
depth of the AoA anaysis and modify-
ing its focus.

Phase | Activities

Phase | begins the program devel-
opment effort. Requirements, test, and
program documents are updated to re-
flect what was learned during early sys-
tem design and demonstration efforts.
The AOA study plan is updated for the
Phase | anaysis to reflect the current
issues from the MDA.

This AoA (designated AoA I1) can
be much more detailed than an AoA |

Milestone | — Approval to Begin
New Acquisition Program

v

Alternatives

= Performance Estimates
Cost Estimates
Performance & Cost Goals

Mission Need ANALYSIS
Threat g

Environment Cost/Effectiveness

Constraints Sensitivity
Scenarios
MTs PreferredlAlternatives
MOEs
MOPs i
Models & Data Review

v

Risk

Milestone Il — Approval to Enter
Engineering & Manufacturing Development

Figure 2-5: Phase | AoA Activities



because there are only one or two alter-
natives to consider. There is usually a
preferred aternative that can be de-
scribed with more confidence in terms of
cost and performance. The demonstra-
tion and validation tests performed on
the alternatives will provide useful data
for the analysis. Figure 2-5 shows the
activitiesin this phase.

The AoA 1l analysis should revisit
the go/no-go question, making use of the
better aternative definitions and any
new information. Assuming that the ac-
quisition proceeds, the goal of this AocA
IS to identify the preferred system im-
plementation. Sensitivity  analyses
should quantify the impact on cost effec-
tiveness of uncertainties in cost, per-
formance, supportability, and schedule.
The analysis should identify cost cell-
ings and performance floors.

Table 2-2 highlights the differences
between AoA | and AoA Il activities.
The hardware dternatives in Phase |
typically represent a narrower range,
with more information and definition.
The additional information should per-
mit much better cost and performance
estimates than possible in Phase 0.

Phase Il and Phase Il Activities
Figure 2-6 illustrates the activities in
Phases Il and I11.
The decision authority may require

Milestone Il — Approval to Enter
Engineering & Manufacturing Development

v

Ao0A Update as Required

v

Milestone Il — Production or
Fielding/Deployment Approval

v

AoA as Required

Figure 2-6 : Phases Il and Il AoA Activities

Table 2-2 : Comparison of AoA | and AoA

Il Activities
Phase 0 Phase |
Element (A0A I) (AOA IIy*
Mission need Confirm Update
Threat Characterize Update
Scenarios Develop Update
Operating envi- oy cterize Update
ronment
Constralr)ts & Identify Update
assumptions
GBI Develop Update
concept
Descnptl_on i Develop Refine/focus
alternatives
Mission tasks Identify Update
MOEs/MOPs Develop Update
Models & data  Identify/develop Update
Life cycle cost Perfrom Refine
Analysis Perform Perform
Report Prepare Prepare

*Column also describes the nature of Phase Il (AoA IIl)
activities

an AoA update before MS 111 to account
for any factors that may have changed
during the preceding phase. When the
AOA Il sensitivity analyses have ade-
quately addressed the impact of changes
in significant factors (cost, performance,
schedule, threat), the MDA should be
asked to waive an A0A Il1.

When a new system or a major
modification to a system in Phase Il
(production) is required, the decision
authority may require a new AoA. This
AO0A will be an AoA |, essentidly re-
turning the program to Phase 0.

AoA-Related Documentation
The acquisition cycle generates a
number of documents related to AOAS.
One, the MNS, has aready been dis
cussed. This section expands on that



discussion and introduces other docu-
mentation important to AoAS.

Mission Need Statement

A MNS may be prepared by any
DoD component (Air Force, Army,
Navy or Marines) which has identified a
specific mission area need or deficiency.
The MNS identifies the need to establish
a new operational capability, improve
existing capabilities, or exploit an oppor-
tunity that cannot be satisfied with non-
materiel solutions. It appliesto all mate-
riel acquisition programs, not just major
programs, and is developed by maor
operating commands.

For potential major defense ACAT |
programs, the MNS is sent to the Joint
Requirements  Oversight Council
(JROC) for validation. Submission to
the JROC is thefirst step in program ini-
tiation. The MNS is then submitted to
the USD(A&T) for Defense Acquisition
Board (DAB) review and approva to
proceed with concept evaluation studies
in Phase 0. MS 0O decisions are docu-
mented in an ADM.

The MDA for a non-ACAT | MNS
is the DoD CAE, or the lowest level
deemed appropriate by the DoD CAE.

Operational Requirements
Document (ORD) and
Requirements Correlation Matrix
(RCM)

The ORD replaces al service unique
documents [e.g., Statement of Opera
tiona Need (SON), Tentative Opera
tiona Requirement (TOR), Required
Operational Capability (ROC), etc]. It
addresses performance and related op-
erational parameters of the proposed sys-
tem or concept and discusses how the
system will be operated, deployed, em-
ployed, and supported. It providesinitial
guidance for the implementing, support-

ing, and participating commands and
agencies.

The ORD is prepared during Phase 0
by the user, approved by the service
chief, and submitted at MS | to the
JROC. At the beginning of Milestone I,
the JROC reviews the ORD and the Ac-
quisition Program Baseline (APB).

The ORD will be updated and ex-
panded for MS Il and will only be modi-
fied thereafter 1) if there is a significant
change in the MNS, or 2) as a result of
cost-schedul e-performance tradeoffs per-
formed during Phase Il. The ORD is
used to develop requirements for con-
tract specifications during each acquisi-
tion phase.

The Requirements Correlation Ma-
trix (RCM) is a three-part matrix at-
tached to the ORD and is used to provide
a system audit trail of the capabilities
and characteristics identified in the
ORD. It lists user-identified system ca-
pabilities and characteristics with ac-
companying thresholds and objectives,
identifies user-recom